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Abstract Screening for antilisterial activity was performed in about three thousand isolates of lactic acid bacteria (LAB)
from Chinese cabbage kimchi, and finally based on the relatively stronger antilisterial activities eight bacterial strains were
selected. The bacteria were further characterized in terms of their tolerance to artificial gastric juice, pH 2.5, bile salts (0.3%
oxgall), and to the different NaCl concentrations. Of the isolates, YK005 was especially investigated for its physiological
characteristics due to its inhibitory activity against gram-positive Listeria monocytogenes as well as gram-negative
Escherichia coli O157:H7, as they have been constantly reported to be resistant against bacteriocins produced by a number of
LAB strains. YK005 was found to be rod-shaped, 3.8 um long x 0.5 um wide, non-sporeforming, non-motile, catalase-
negative, and produced gas from glucose (heterolactic). Based on the biochemical data obtained by API 50 CHL medium, the
isolate was tentatively identified as Lactobacillus brevis. To validate the result obtained by the biochemical identification,
rRNA-based PCR experiments using a pair of species-specific primers for L. brevis were conducted and a single band of 1400
bp was observed, which strongly indicated that YK005 belongs to L. brevis. The LAB isolates are potentially exploited as

human probiotic organisms and are employed to control some food-borne pathogens like L. monocytogenes.
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Introduction

There are many types of kimchi, which is a traditionally
fermented vegetable in Korea and there has been
increasing consumption of factory-made products with
current yearly rise in sale by 15-20%. According to the
reported literatures (1-2), more than 200-kinds of kimchi
are made home in a traditional way depending mostly on
the raw materials used, processing methods, seasons,
geographical locations, etc. When it comes to the raw
materials, Chinese cabbage together in combination with
radish is most frequently employed. Needless to say, the
final product quality is significantly affected by the type of
fermenting organisms involved in the process. For overall
tastes, the best sensory results were obtained around pH
4.2 and after the development of 0.6% of lactic acid on the
third consequent day after fermentation at 20°C (3). As the
fermentation relies on the LAB originally present in the
raw vegetable and various spices, it is generally believed
that the process is occupied by heterolactic fermenters in
the earlier stage and gradually replaced by the homolactic
fermenters representing L. plantarum (4). Almost for two
decades, many reports have been published on the
microorganisms responsible for fermenting kimchi with
emphasis on predominant flora during the series of
processes including both anaerobic L. plantarum, L.
brevis, Streptoccus faecalis, Leuconostoc mesenteroides,
Pediococcus  cerevisiae, and aerobic  coliforms,
Achromobacter, Flavobacterium, Pseudomonas (2). Also,
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at the later stage of fermentation, outgrowth of yeasts and
moulds make significant contributions in deteriorating the
overall quality of kimchi in terms of texture and flavors,
which makes the products unacceptable for consumption.
In general, heterolactic fermenters such as Leu. mesenteroides
are predominant in the earlier stage, while homolactic
fermenters representing L. plantarum are predominant in
the later stage of fermentation (4-5). However, despite of
extensive research focused on this issue over the past 50
years, there is not complete understanding on the
distribution of members in the microbial community and
limited information is available on bacterial successions
especially with respect to the ecological aspects (6-7).

As Listeria monocytogenes is known to cause serious or
even fatal illness and can survive for a long period of time
at refrigerated temperature (8) and at sodium chloride
concentrations of up to 10% (9), it is a serious health threat
to humans, particularly by consumption of lightly
preserved seafoods. Immense research efforts have been
carried out for the discovery of new molecules, which
could be the suitable targets for such types of foodborne
pathogens. Since none of the studies have dealt with
listeriosis directly originated from kimchi in Korea, some
proper measures should be established to control this
deadly pathogen from causing food contamination.

This study was carried out to screen the LAB isolates
from kimchi for antilisterial activity, and to investigate
whether or not the antilisterial isolates have relevant
properties as a potential starter with probiotic function in
causing fermentation of kimchi.
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Materials and Methods

Strains, media, and isolation procedure As soon as the
samples were received, they were properly diluted in
0.85%(w/v) saline and plated on an modified MRS agar
(MMRS, 10) supplemented with 10%(v/v) cabbage juice
and bromocresol pruple (BCP; Difco, Detroit, USA) as a
pH indicator (11). Based on the colony morphology,
distinct colonies were arbitrarily picked from the agar
media. Each of the isolate was streaked twice on MRS
agar (Difco) to obtain a pure culture. E. coli 0157: H7
(ATCC 35150) was propagated in McConkey broth
(Difco). All the strains used in this experiment were
purchased from the Korean Collection for Type Cultures
(KCTC; Daejon, Korea) and Korean Culture Center for
Microorganism (KCCM; Seoul, Korea), and transferred to
fresh medium biweekly and kept in 20%(v/v) glycerol
stock at -70°C until use. Also the eight antilisterial isolates
were streaked twice on MRS agar (Difco) and were named
as YKO001, YKO005, YKO008, YKO11, YKO012, YK013
YKO014, and YKO15, respectlvely

Assay of antilisterial activity The antibacterial activity
of the kimchi isolates against a L. monocytogenes KCCM
40307 was evaluated on BHI agar (Difco) by using a
paper disc diffusion assay (12). The LAB isolates were
propagated in BHI broth twice at 37°C for 12 hr before
experimental use. Bacterial growth was determined by
measuring the optical density at 650 nm in triplicate and,
when the stationary phase was reached (approx. 20 hr), 10
mL of cell-free supernatant of each LAB isolate was
obtained by centrifugation (8000 x g, 5 min at 4°C), the
pH was adjusted to 6.5 and was heat treated for 10 min at
80°C to inactivate protease activity. Bottom agar was
prepared by adding 1.5%(w/v) agar to the BHI broth. The
overlays used for bacteriocin assay were prepared with 0.7
% BHI agar. L. monocytogenes KCCM 40307 was
propagated on MRS broth and kept in 20% glycerol stock
at -70°C until use.

Morphological, physiological and biochemical tests For
physiological characterization of the isolates, all the
isolates were sub-cultured twice overnight in MMRS broth
containing 10%(v/v) Chinese cabbage juice (10) at 30°C
prior to the subsequent experiments. The gas production
was tested using Durham tubes (8 x 30 mm). Bacterial
growth was monitored by measuring the optical density at
650 nm (13) at the different temperatures, and in the
presence of sodium chloride, artificial gastric juice(pH
2.5), and artificial 0.3% bile salts (14). Morphology was
examined by SEM and physiology by the characteristics as
given in Bergey's Manual of Systematic Bacteriology (15).

In addition to the physiological traits, carbohydrate
fermentation of the isolates was identified by using API 50
CH strips and API 50 CHL medium (BioMérieux, Marcy,
I'Etoile, France) at 30°C for 48 hr according to the
manufacturer’s instructions. The results obtained were
read by using the APIWEB version 5.0 (BioMérieux).
Lactic acid configuration was determined by an enzymatic
method by using a D/L-Lactic acid Enzymatic Bioanalysis
kit (Boehringer-Mannheim, Mannheim, Germany). Scanning
electron microscopic (SEM) pictures of the isolates were
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taken with a field emission scanning electron microscope
(Model 50A-MRH, Japan) according to the method
described earlier (16).

rRNA-based molecular typing experiments For PCR
experiment, total DNA was prepared by using the Qiagen
DNA purification kit (Qiagen, Valencia, Germany) according
to the manufacturer's instructions. Cells from 1 mL of
overnight grown MRS culture were precipitated by
centrifugation, washed and resuspended in sterile
deionized water. PCR amplification was performed in a 25
puL reaction vdlume containing the following reagents
(17): 1 x Tag buffer, 0.5 units of 7ag DNA polymerase
(New England Biolab, Beverly, MA, USA), 25 ng of each
primer, 0.5 ul. of bacterial suspension and 0.1 mM of
dNTP (Amersham Biosciences, Uppsala, Sweden). The
species-specific primers for L. brevis were used (18): The
sequence of the forward primer was 5'-CTTGCACTGAT
TTTAACA-3', and for the reverse primer was 5'-GGGCG
GIGTGTACAAGGC-3'. Polymerase chain reactions were
carried out in a programmable thermal cycler (PTC-100,
MJ Research, USA), with the following steps: one cycle of
denaturation at 94°C for 2 min, 25 cycles of 94°C for 1
min, 40°C for 1 min and 72°C for 1 min were performed.
Final extension was carried out at 72°C for 10 min.
Amplified PCR products were run on 1%(w/v) agarose gel
in 0.5x Tris-borate-EDTA buffer solution at 100V for 40
min. When needed, the PCR products were digested with
Psfl (Promega, Madison, WI) and run on agarose gel as
described above. Both the amplified products and
restriction digests were run on 1.5%(w/v) agarose gel and
stained with 0.5 g/mL ethidium bromide (Sigma). A 100
bp ladder (Promega) was used as a size marker.

Antibiotic sensitivity test Antibacterial susceptibility
test was carried out by using BBL Sensi-Disc Susceptibility
Test Disc (Becton, Dickinson and Company, Sparks, MD,
USA) according to the manufacturer’s recommendations.

Isolation of plasmid DNA Cells were grown upto the
late logarithmic stage in MRS broth containing 0.5%
glucose, and the plasmid DNA was extracted by Atmanbio
plasmid mini-prep kit (Atmanbio, Takarakorea Biomedical
Inc, Korea) according to the manufacturer's instructions.
After treated with RNase (Sigma) to remove RNA, the
DNA was subjected to digestion with some restriction
endonucleases (Takarakorea) as per the instructions given
in supplier's guide and run on 1% agarose according to the
similar procedure as described above. The size of plasmid
DNA on agarose gel electrophoresis was calculated by the
reference size of the 8 plasmid bands of E. coli V517 (19).

Results

Isolation and identification of the LAB isolates from
kimchi Out of about 3,000 colonies formed on the
MMRS agar surface after 98 home-made Chinese cabbage
kimchi samples were spread, eight distinct LAB isolates
were finally selected based on their inhibitory activities
against L. monocytogenes, a fatal pathogen causing
foodborne listeriosis (9) (Table 1). As a result, a strain,
YKO005 was found to possess highest inhibitory activity
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Table 1. Antibacterial activities of the LAB isolates from kimchi

Antibacterial activity
L. monocytogenes E. coli O157:H7
KCCM 40307 ATCC 35150

YKO001 +8 -

YKO005
YKO008
YKO11
YKO12
YKO013
YKO14
YKO15

) indicates the clear zone longer than 14mm and (-) indicates the
zones less than 14mm in diameter.

Kimchi
isolates

+ o+ o+ o+ o+
1

against the gram-positive L. monocytogenes (Fig. 1a) and
weak activity against gram-negative E. coli O157:H7
(Table 1, Fig. 1b). It was observed that this trait was very
uncommon for most of the gram-positive bacteriocin
producing LAB, since bacteriocins are defined as a
substance which are inhibitory to the organisms closely
related to the producer bacteria (12). The isolate YK005
was found to be rod shaped with dimensions of 3.8 um
long x 0.5 um wide, gram-positive, catalase-negative, non-
sporeforming, and gas producing (heterolactic) bacteria
(Fig. 2). For identification, biochemical data obtained by
using the API 50 CHL medium presumably suggested that
this strain was a strain of L. brevis and upon matching
with a reference strain, L. brevis KCCM 35464, exhibited
99% matching level. As shown in Fig. 3, the data from an
rRNA-based typing experiment with a pair of species-
specific primer of L. brevis also led to the positive
identification of L. brevis, since a single band of 1400 bp
was commonly observed in the amplicons (18). The
fingerprints, by digestion of the PCR products with Pstl
into two separate bands of 550 and 850 bp, were in good
line with those obtained with L. brevis KCCM 35464 as a
reference strain. Accordingly, the isolate YKO005 was
tentatively named as L. brevis YK005.

Effect of NaCl concentrations The time for the
optimum ripening of kimchi varies depending upon the

(b)

Fig. 1. Antilisterial activities of the LAB isolates from kimchi.
(a) A : YK001, B : YK005, C: YK008, D : YKOI1, E: YKO12, F :
YKO014, G : YKO15 , H : Control, Test organism: L. monocytogenes
KCCM 40307. (b) Antilisterial activity of YKO005 against E. coli
O157:H7. A: 10X Concentrated culture supernatant (pH 6.5); B:
Culture broth (Control).
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Fig. 2. Scanning electron micrograph of YK005 (length: 3.8
© pm, width: 0.5 pm).

sipian

Fig. 3. PCR products of total bacterial DNA with the L. brevis-
specific primer. Strains of L. brevis are KCCM 35464 (lanes 2, 3)
and YKO05 (lanes 5, 6). Lanes 2, 5: the 1400 bp products afier
PCR amplification with the L. brevis-specific primer (18); lanes 3,
6: the 1400 bp fragment cut with Pstl. Lane 8: negative control
(no DNA). Lanes 1, 4, and 7: molecular size DNA marker 100 bp
plus DNA ladder (Promega). Arrows highlight the uncut 1400 bp
product and its two Ps#l fragment sized 850 and 550 bp.

fermentation temperature and salt concentration. The level
of NaCl in the MMRS broth affected the growth of the 8
LAB isolates at 30°C. As shown in Table 2, all the isolates
were salt-resistant up to 8%(w/v) level but none of the iso-

Table 2. Growth of antilisterial LAB isolates at different NaCl
concentrations in the MMRS broth at 30°C

kimchi NaCl (%)

isolates 6 7 8 9 10
YKO00t + + + - -
YKO005 + + ™ - -
YK008 + + + (+) -
YKO11 + + +) - -
YKO12 + + + ) -
YKO13 + + ) - -
YKO14 + + ) - -
YKO015 + + C») - -

Growth was monitored daily at the different temperatures for two
weeks: * +, actively grown; (+), slightly grown; -, not grown.
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lates were grown at 10%w, NaCl. As expected, the growth
of YKO005 was very slow in the presence of 8% NaCl.

Viability in the artificial gastric and bile juice In
general, adult stomach is very acidic as it has a low pH
1.4-2.0 which is sufficient enough to inactivate most of
bacteria, but in vivo the bacterial death is lowered due to
buffering capacity of foods (20). Viability tests were
conducted in the presence of gastric juice, pH 2.5 and
0.3% artificial bile salts for the isolates in order to evaluate
a potential probiotic function. After exposure to artificial
gastric juice of pH 2.5 for 9 hr, the optical density reached
above 0.1 O.Dgs, with the variable tolerance for all of the
tested strains as shown in Table 3. In other words, all the
strains had weak resistance to artificial gastric juice and no
more growth was observed after 27 hr incubation. On the
other hand, bacterial growth was maintained at high level
for 18 hr immediately after 9 hr pre-incubation in the
presence of the artificial bile salts of oxgall (0.3%), as
shown in Table 4.

Antibiotic sensitivity test The antibiotic sensitivity of L.

Table 3. Bacterial growth of the antilisterial LAB isolates in
the MMRS broth containing the artificial gastric juice, pH 2.5

Kimchi Optical density at 650 nm”  * pH of gastric
isolates 9hr  18hr 27hr 36hr Juice
YKO001 0.104 0.132  0.143  0.143 2.5
YKO005 0.103 0.139  0.155 0.155 2.5
YK008 0.091 0.133  0.156 0.156 2.5
YKO011 0.125 0.160 0.180 0.180 2.5
" YKO12 0.109  0.143 0.164 0.164 2.5
YKO013 0.113 0.150 0.187 0.187 2.5
YKO014 0.110  0.151 0.164 0.164 2.5
YKO015 0.166 0.110 0.148 0.148 2.5
Control? 1352  7.654 8450  8.450 2.5

DOptical density at 650 nm was determined in triplicate and the mean
value was calculated. Medium pH was adjusted to 2.5 with 0.IN

HCIL.
IYK005 was incubated in the MMRS broth without artificial gastric
juice, pH2.5.

Table 4. Bacterial growth of the antilisterial LAB isolates in
MMRS broth containing the artificial bile salts”

Kimchi Optical density at 650 nm?
isolates 9 hr 12 hr 15 hr 18 hr
~YKO001 1.366 1.410 1.421 1.457
YKO005 1.441 1.462 1.487 1.502
YKO008 1.327 1.345 1.446 1471
YKO11 1410 1.417 1.665 1.847
YKO012 1.389 1.435 1.694 1.859
YKO013 0.173 0.184 0.403 0.540
YKO14 0.046 0.062 0.331 0.652
YKO15 1.364 1.390 1.668 1.941
Control® 1.352 7654 8.154 8.450

VArificial bile salts were prepared in MMRS broth containing 0.3%
(w/v) oxgall.

'Optical density at 650 nm was determined in triplicate and the mean
value was calculated.

JYKO005 was incubated in the MMRS broth without the artificial bile salts.
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brevis YK005 is shown in Fig. 4. This particular strain was
found to be resistant against colistin and streptomycin, and
sensitive to erythromycin, ampicillin and oxytetracycline;
while Leu. mesenteroides, L. plantarum, L. casei, and L.
salivarius bear an intrinsic resistance towards vancomycin
(21). In this context, potential application of L. brevis
YKO005 as human probiotic could be suggested.

Discussion

Reportedly, there are more than 200-kinds of kimchi
products manufactured in Korea. According to a national
nutrition survey in 2000, an adult Korean consumes 50-
100 g of kimchi daily in summer and 150-200 g throughout
the winter season (1). Kimchi is originally prepared by
natural fermentation, and hence is difficult for the industry
to keep the product quality consistent. Thus, for establish-
ment of a starter-added technology in the fermented
vegetable industry, many researchers have currently
focused on determining predominant microorganisms
involved in the fermentation and examining their effects
on the fermentation process (22). To explore the major
types of LAB involved in the initial and/or the middle
stage of manufacturing of kimchi, 8 LAB isolates, which
were most commonly recovered from the kimchi samples
of pH.above than 4.0 were selected for identification by
using both a conventional biochemical identification
method based on carbohydrate utilization and few
molecular typing methods including ITS-PCR (23-24),
RAPD-PCR (25) and 16s rTRNA gene sequence analysis
(26). The results revealed that biochemical test (API 50
CH strip) coincided with that of 16s rDNA sequencing
data by about 60% at genus-level and about 40% at
species-level (data not shown). More recently, Lew.
citreum IH22, one of the dominant strains found during the
early and mid-phases of kimchi fermentation, was
tentatively used as a starter for kimchi fermentation (27).
The strain was consistently over than 95% of the
population in the IH22-treated kimchi over the 5-day
fermentation period, while heterogencous LAB were
observed in the control group. In this respect, antilisterial

Fig. 4. Determination of antibiotic sensitivity of L. brevis
YKO005. Erythromycin (E) 15pg, Streptomycin (S) 10pg, Neomycin
(N) 10 pg, Gentamycin (GM) 10 pg, Oxytetracycline (T) 30 pg,
Ampicillin (AM) 10 pg, Colistin( CL) 10 pg.
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L. brevis YKO005 should be tested for its survival during
kimch fermentation prior to application as a starter for
production of the commercial products.

LAB produces several antagonistic systems such as
hydrogen peroxide, diacetyl, organic acids, and
bacteriocins (28). There have been some bacteriocins
active against Listeria, like nisin by Lactococcus. lactis,
mesenterocins or leucosins by Lew. mesenteroides, and
pediocions by P acidilactici (29). For bacteriocin
production, importance of pH adjustment of MRS broth in
bacterial growth and bacteriocin production has been
mentioned in the previous studies (30).

Mheen and Kwon (3) showed that temperature played a
critical role in the formation of bacterial flora in during the
fermentation of kimchi, and the fermentation was faster at
high temperature and low salt content than at low
temperature and high salt content. Lim et al. (11) claimed
that Lactobacillus spp. (59.7%) was a major flora for
kimchi fermentation at 25°C and Leuconostoc spp. were
the major one at 5°C. In this study, four LAB isolates,
YKO001, YKO11, YKO13, and YKO14 were able to grow at
5°C but failed to grow at 40°C, suggesting that they belong
to the group of psychrotrophic bacteria. Similarly, L. brevis
YKO05 failed to grow at 45°C (data not shown). In
contrast to sauerkraut, where salt level is lower than that of
kimchi, in the present study, L. brevis was more frequently
detected in kimchi at higher temperature and low salt
content during the period of over-ripening.

In vitro tolerance to low pH, bile acids, and pancreatic
fluids has often been considered as good indicator for
survival of the potential probiotic strains through the GI
tract after consumption. It is known that bile salts are
resistant to proteases and can be degraded only by bile salt
hydrolase, which is produced by some enteric bacteria
resistant to bile salts. Kim ez al. (31) investigated bile-salt
hydrolyzing activities of the bacterial strains isolated from
the fermented milk products. Twenty one strains of the
Lactobacillus tested were found to be active in terms of
mediating their enzymatic functions like degradation of
taurocholic and glycocholic acid to cholic acid, suggesting
that a yogurt fermented with selected LAB may have an
anti-cholesterolemic effect. Moreover, the normal growth
of LAB was obtained even though they were slightly
suppressed by 0.3% bile salt and the cellular permeability
in the presence of bile salt increased significantly. As far
as acid tolerance was considered, most of the isolates
survived with the variable tolerance depending on the
tested. strains after exposure to artificial gastric juice (pH
2.5) for 9 hr. Lee and No (20) reported that 144 out of 157
kimch isolates survived for 24 hr in the artificial bile after
3 hr incubation in the artificial gastric juice (pH 2.5) for 3
hr. Kang e al. (14) reported that L. acidophilus a-4
survived at pH 2.5 for 3 hr without any detectable loss of
viability, and above 75% viability was observed for L.
acidophilus a-2 and L. casei. The results (Table 3-4)
obtained in our present study are in fairly good accordance
with the ones reported previously.

More recently, the S-layer has been shown to mediate
the adherence of L. brevis strain to human intestinal,
urinary bladder, and endothelial cells (32). Accordingly,
better adhesion properties could assist the competitive
exclusion of potentially harmful microbes by L. brevis. In
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this context, application of this strain for probiotic
purposes could be suggested. As reported earlier, the
genus Lactobacillus harbors many plasmids of different
molecular size (33). Presence of plasmid DNA is mostly
reported to be associated with bacterial antibiotic
resistance. However, information on the drug resistance of
the commercial Lactobacillus strains is very limited.
Vancomycin resistance is also reported to be spread by a
transposon, Tn 1546, carrying the van (A) gene cluster
(34). The macrolide resistance genes most frequently
found in the bacterial isolates from animals and human are
the erm genes (35). Studies have shown that L. delbrueckii
subsp. bulgaricus strains, an yogurt starter culture, has an
intrinsic resistance towards mycostatin, nalidixic acid,
neomycin, polymixin B (colistin), trimethoprim, colymycin,
sulfamethoxazol, and sulfonamids (36). Only a few papers
have described the successful transfer of plasmid DNA
between Lactobacillus strains (37). Recently, the acquisition
and incorporation of the fefM) gene into the plasmid,
pMD35057, of a Lactobacillus species was successfully
exercised (38). As shown in Fig, 5, L. brevis YK005 was
found to possess a single plasmid DNA of size 35.8 kb,
which was bigger than the plasmids of size 10 to 12 kb of
L. brevis GRL1 (39). In this regards, L. brevis YKO00S was
screened for the occurrence of Bac variants in the
presence of acriflavine (20 pg/mL), as a curing agent,
following repetitive transfers at 37°C. However, we failed
to detect Bac™ variants from the culture. Therefore, it is
uncertain whether or not the antilisterial function was
associated with the plasmid DNA of YKO005. In the
previous paper, plasmid profile analysis of L. sake Lb706
indicated that a plasmid of about 18 MDa may be involved
in the formation of bacteriocin and in imparting immunity
to this antibacterial compound (30). van Reenen et al. (40)
reported that high DNA homology was obtained between
the plasmid DNA of L. plantarum 423 and the pediocin
PA-1 operon of P. acidilactici PAC1.0, suggesting that
plantaricin 423 is plasmid-encoded and is related to the
pediocin gene cluster. Since, DNA-relatedness between
YKO005 and a reference L. brevis strain was not examined

KDa

35.8—

4.5—

1.4—

Fig. 5. Plasmid DNA profiles of L. brevis YK00S. Lanes: 1,
molecular size marker of E. coli V517; 2, plasmid DNA of L.
brevis YK005.
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in this study, further study is needed to state whether or not
the antilisterial function is associated with the plasmid
DNA of YKO005. For better understanding of the
antilisterial activity of L. brevis YKO005, additional studies
should be performed on identifying the factors responsible
for its production, purification, and mode of antibacterial
actions.

Acknowledgments

This work was supported by Yonsei University Research
Fund of 2002 and in part by a Maeji Academic Research
Grant, 2004.

References

1. Ku YJ, Choi SY. Science and Technologies of Kimchi, Changjo
Co, Seoul. pp.140-141 (1991)

2. Chiegh HS, Kwon TW. Biochemical, microbiological and
nutritional aspects of kimchi. Crit. Rev. Food Sci. Nutr. 34: 175-
203 (1994) :

3. Mheen TI, Kwon TW. Effect of temperature and salt concen-
trations on kimchi fermentation. Kor. J. Food Sci. Technol. 16:
433-440 (1984)

4. Kim TW, Lee JY, Jung SH, Kim YM, Jo JS, Jung DK, Lee HJ,
Kim HY. Identification and distribution of predominant lactic
acid bacteria in kimchi, a traditional fermented food. J.
Microbiol. Biotechnol. 12: 635-642 (2002)

5. Lee CW, Ko CY, Ha DM. Microbial changes of the lactic acid
bacteria during kimchi fermentation and identification of the
isolates. Kor. J. Appl. Microbiol. Bioeng. 20:102-109 (1992)

6. Han HU, Lim, JR, Park HK. Determination of microbial
community as an indicator of kimchi fermentation. Kor. J. Food
Sci. Technol. 22: 26-32 (1990)

7. Schloter M, Lebuhn M, Heulin T, Hartmann A. Ecology and
evolution of bacterial microdiversity. FEMS Microbiol. Rev. 24:
647-660 (2000)

8. Gill CO, Greer GG Dilts BD. The aerobic growth of Aeromonas
hydrophila and Listeria monocytogenes in broths and on pork.
Int. J. Food Microbiol. 35: 67-74 (1997).

9. Farber JM, Peterkin PI. Listeria monocytogenes, a food-borne
pathogen. Microbiol. Rev. 55: 476-511 (1991)

10. Chin HS, Shim JS, Kim JM, Yang R, Yoon SS. Detection and

antibacterial activity of a bacteriocin produced by Lactobacillus

plantarum. Food Sci. Biotechnol. 10: 461-467 (2001)

11. Lim CR, Park HK, Han HU. Reevaluation of isolation and
identification of gram-positive bacteria in Aimchi. Kor. J.
Microbiol. 27: 404-414 (1989)

12. Tagg JR, Adnan AS, Wanna-Maker LW. Bacteriocins of Gram-
positive bacteria. Bacterioly Rev. 40: 722-756 (1976)

13. Kobayashi Y, Tohyama K, Terashima T. Tolerance of the
multiple antibiotic resistant strains, L. casei PSR 3002, to
artificial digestive fluids. Jpn. J. Microbiol. 29: 691-697 (1974)

14. Kang DK. Kang SP, Chang DH, Kim SH, Yoon SS. Isolation
and characterization of Lactobacillus strains isolated from
Korean feces. Kor. J. Food Sci. Technol. 33: 567-573 (2001)

15. Sneath PHA, Mair NS, Sharp ME, Holt JG (eds). Bergey's
Manual of Systematic Bacteriology 9" Ed, vol 2, Williams &
Wilkins, Baltimore, USA, pp. 1071-1075 (1986)

16. Jung ES, Kim KH, Shin WC, Song KY, Yoon SS. Changes in
acidity and distributions of the vamcomycin resistant lactic acid
bacteria in the kimchi fermented at different temperatures. Kor.
J. Microbiol. Biotechnol. 32: 249-255 (2004)

17. Breidt F, Fleming HP. Identification of lactic acid bacteria by
ribotyping. J. Rapid Meth. Aut. Mic. 4: 219-233 (1996)

18. Guarneri T, Rossetti L, Giraffa G. Rapid identification of
Lactobacillus brevis using the polymerase chain reaction. Lett.
Appl. Microbiol. 33: 377-381 (2001)

19. Rochelle PA, Fry JC, Day MJ, Bale MJ. An accurate method for
estimating sizes of small and large plasmids and DNA
fragments by gel electrophoresis. J. Gen. Microbiol. 132: 53-59

J-M Kim et al.

(1986)

20. Lee SH, No MIJ. Viability in artificial gastric juice and
antimicrobial activity of some lactic acid bacteria isolated
from kimchi. Kor. J. Appl. Microbiol. Biotechnol. 25: 617-622
(1997)

21. Elisha BG Courvalin P. Analysis of genes encoding D-alanine:
D-alanine ligase-related enzymes in Leuconostoc mesenteroides
and Lactobacillus spp. Gene 152: 79-83 (1995)

22. Park KK, Lim JR, Han HE. Bacterial transition of fermenting
kimchi at different temperature. Bulletin of Basic Science, Inha
University, Korea. Vol 11: 161-169 (1990)

23. Roggrigues UM, Aguirre M, Facklammand RR, Collins MD.
Specific and intraspecific molecular typing of Lactococci based
on polymorphism of DNA encoding rRNA. J. Appl. Bacteriol.
88: 260-265 (1991)

24.. Schleifer, KH, Ehrmann M, Beimfohr C, Brockmann E, Ludwig
W, Amann R. Application of molecular method for the
classification and identification of lactic acid bacteria. Int. Dairy
J. 5: 1081-1094 (1995)

25. Cocconeil PS, Porro D, Galandini S, Senini L. Development of
RAPD protocol for typing of strain of lactic acid bacteria and
Enterococci. Lett. Appl. Microbiol. 21: 376-379 (1995)

26. Stiles ME, Holzpfel WH. Lactic acid bacteria of food and their
current taxonomy. Int. J. Food Microbiol. 36: 1-9 (1997)

27. Choi IK, Jung SH, Kim BJ, Park SY, Kim J, Han HU. Novel
Leuconostoc citreum starter culture system for the fermentation
of kimchi, a fermented cabbage product. Antonic van
Leeuwenhoek 84: 247-253 (2003)

28. Paird JC, Desmazeaud M. Inhibition factors produced by lactic
acid bacteria. 2. bacteriocins and other antibacterial substances.
Lait 72: 113-142 (1992)

29. Sophie M-P, Richard J. Activity and purification of linenscin
OC2, an antibacterial substance produced by Brevibacterium
linens OC2, an orange cheese coryneform bacterium. Appl.
Environ. Microbiol. 61: 1847-1852 (1995)

30. Schillinger U, Lucke FK. Antibacterial activity of Lactobacillus
sake isolated from meat. Appl. Environ. Microbiol. 55: 1901-
1906 (1989)

31. Kim GB, Lee JH, Lim KS, Bae HS, Baek YJ, Kim HU. Bile
salt deconjugation activity of Lactobacillus strains isolated from
yogurt products. Kor. J. Appl. Microbiol. Biotechnol. 27: 385-
390 (1999)

32. Hynonen U, Westerlund-Wikstrom B, Palva A, Korhonen TK.
Identification by flagellum display of an epithelial cell- and
fibronectin-binding function in the SlpA surface protein of
Lactobacillus brevis. J. Bacteriol. 184: 3360-2267 (2002)

33. Osman C, Gogebakan B. Presence of drug resistance in
intestinal lactobacilli of dairy origin and human origin in Turky.
FEMS Micobiol. Lett. 236: 7-12 (2004)

34. Clewell DB, Jaworski DD, Flannagan SE, Zitzow LA, Su
YA.The conjugative transposon Tn916 of Enterococcus
Jfaecalis: structural analysis and some key factors involved in
movement. Dev. Biol. Stand. 85: 11-17 (1995)

35. Jensen LB, Hammerum AM, Poulsen RL, Westh H.
Vancomycin-resistant Enterococcus faecium strains with highly
similar pulsed-field gel -electrophoresis patterns containing
similar Tn1546-like elements isolated from a hospitalized
patient and pigs in Denmark. Antimicrob. Agents Chemother.
43: 724-735 (1999)

36. Sozzi T, Smiley MB. Antibiotic resistances of yogurt starter
cultures  Streptococcus  thermophilus  and  Lactobacillus
bulgaricus. Appl. Environ. Microbiol. 40: 862-866 (1980)

37. Danielsen M. Characterization of the tetracycline resistance
plasmid pMD5057 from Lactobacillus plantarum 5057 reveals
a composite structure. Plasmid 48: 98-103 (2002) '

38. Danielsen M, Wind A. Susceptibility of Lactobacillus spp. to
antimicrobial agents. Int. J. Food Microbiol. 82: 1-11 (2002)

39. Ronka E, Malinen E, Saarela M, Rinta-Koski M, Aarnikunnas J,
Palva A. Probiotic and milk technological properties of
Lactobacillus brevis. Int. J. Food Microbiol. 83: 63-74 (2003)

40. van Reenen CA, Dicks LM, Chikindas ML. Isolation, purifica-
tion and partial characterization of plantaricin 423, a bacteriocin
produced by Lactobacillus plantarum. J. Appl. Microbiol. 84:
1131-1137 (1998)



